I'l.4-STAGEQ STAGE- DIl SCHARGE CONVERSI ON FOR A SI NGLE VALUED RATI NG
CURVE

| nt r oducti on

This Section describes the nethods avail able for converting a given
stage or discharge to the associ ated di scharge or stage using
i nterpol ation or extrapol ati on of a single-valued Rating Curve.

A single-valued Rating Curve is one that has the sanme stage-discharge
relati onship when the river level is rising or falling as illustrated
in Figure 1.

Either linear or logarithm c interpolation can be used to determ ne
stage fromdi scharge or vice-versa when the given value lies within
the range of the defined Rating CQurve points. When the given val ue
lies outside the specified range then extrapol ation i s necessary.
Ext rapol ation can be done using linear, logarithmc or hydraulic
met hods to extend the Rating Curve.

Li near | nterpol ati on/ Extrapol ati on

The basic equations used for linear interpolation and extrapol ation
are as follows:

1. Deternmine the slope (a) of the Rating Curve fromthe two
poi nts that bracket the given value in the case of
i nterpolation or the two points closest to the given value in
the case of extrapolation. The point with the |argest val ues
is designated H,, Q and the one with the smallest values is
H, Q. The slope is conmputed as:

_ Qu_Ql
as= ——— (1)
Hu_Hl

2. To convert a given stage (H ) to discharge (Q):

Q' =Q, +a(H"-H,) (2)

3. To convert a given discharge (Q) to stage (H):
HU S H, ¢ 2 (Q'-Q) (3)

Logarithm c | nterpol ati on/ Extrapol ati on

The basic equations used for logarithm c interpolation and
extrapol ation are as foll ows:

1. Determine the logarithnmc slope (a) of the Rating Curve from

the two points that bracket the given value in the case of
i nterpolation or the two points closest to the given value in
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the case of extrapolation. The point with the |argest val ues
is designated H,, Q and the one with the smallest values is H,
Q. The slope is conputed as:

Log Q - Log Q
Q= g Q. g (4)

Log H, - Log H,

2. To convert a given stage (H ) to discharge (Q):

Log Q' =Log Q, + a(Log H'-Log H,) (5)
Qv - eLogQ' (6)

3. To convert a given discharge (Q) to stage (H):

Log H' = Log H1-+-§(Log Q'-Log Q) (7)

H' =eL09H' (8)

If Q is equal to zero then Q is set to 0.0001 CMsto allow for

| ogarithmic calculations. |In addition stages |ess than the specified
nm ni mum al | owabl e value (H,) are not used in the conputations or
generated as the result.

If the Rating Curve does not plot as a straight line on logarithnic
paper then the interpolation and extrapolation results will not be
correct. Wen this occurs, an offset value can be used to shift the
Rati ng Curve so that it does plot as a straight line on logarithnic
paper. The offset factor (Q) is subtracted fromall the stage val ues
in equations 4, 5 and 7. \When an offset factor is used Equation 8
becones:

H’ — eLOg (H'—Of) + Of (9)

In sone cases different offset factors need to be applied to
different ranges of stage in order to straighten out the logarithmc
Rati ng Curve plot. The stages above which user specified offset
factors apply nust be defined points on the Rating Curve. Also a
given offset factor nust be I ess than the mninmum stage to which it
applies (H) so that the shifted stages will be greater than zero.

O fset factors can also be used to all ow negative stages to be used
in the logarithm c interpolation/extrapol ation equations. In this
case negative offset factors insure that positive stage val ues are
used in the equations. |f the user does not specify offset factors
such that all stages used in the calculations are positive then the
program automatically computes a shift factor (S/) to produce the sane
results. S is used exactly like Q in equations 4, 5, 7 and 9 except
S is added to all stage values (i.e. $§=-Q). The rules used to
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determne S and the stage below which it is applied (H) are as
foll ows:

1. If zero flowis a defined point (H,, Q) on the Rating Curve
t hen:

a. |If specified H,is less than H, then set Hz=H,
b. I'f H>0.0 or H=m n(H) then:

S,=0.0
and
H=H,
c. If H<0.0 and mn(H)>H then:
S,=0. 01- H,
and
H=m n[m n(H), H]
where H, is the smallest positive stage val ue defi ned

2. If the zero discharge point is not included in the Rating
Curve definition then:

a. If H, and the stage at the first defined point on the
Rati ng Curve (H,) are both greater than zero then:

S,=0.0
and
H=H,
where H, i s conputed by using Q=0.0001 CMs
b. If H, or H<0.0 then:
S;=0. 01- mi n[ H,, H,]
and
H=m n[m n(H), H]
c. If H,is less than the conputed H, then:
H=H,
The shift factor will never be applied to the sane range of stages to
which an offset is applied. The shift factor is also only applied to

the portion of the Rating Curve that needs to be shifted to avoid
zero or negative values in logarithmc cal culations. The shifted
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portion of a Rating Curve nost likely will not plot as a straight
line on logarithm c paper. Therefore it is better off to specify

of fset factors to insure that reasonable results are obtained during
extrapol ation at the low end of the Rating Qurve rather than to rely
on the automatic shift procedure.

Hydr aul i ¢ Ext ensi on

Hydraulic extension is used to determni ne the stage or discharge
associated with a given discharge or stage, respectively, that lies
beyond the range of the Rating Curve by exani ning the hydraulic
properties of the stream cross-section.

The Manning equation is the basis of this nethod:

1

Q = _31/2*A5/3/B2/3 = C*A5/3/B2/3 (10)
n
where Q is the discharge
n is the roughness coefficient
S is the hydraulic sl ope
Ais the flow areas bel ow the water surface
Bis the top width at the water surface
Cis:
1 g1
n

To determ ne Q given the stage the program exam nes the trend of the
value C near the Rating Curve end point and extrapol ates this val ue
to the stage given. The cross-sectional area and top width are
linearly interpolated or extrapolated internally. The discharge
associated with the given stage is computed from Equation 10.

If the roughness coefficient (n,) above the uppernost el evation of the
Rating Curve is entered then a composite roughness coefficient wll
be used for the hydraulic extension and is estimted from

2 2 1/2
n; *B, +n, *B

B

(11)

2

where B is the interpol ated/ extrapol ated total topw dth, above

the uppernost el evation of the Rating Curve, at the
wat er surface el evation

n is the conposite roughness coefficient; applicable to
total topwidth B

B, is the topwidth at the uppernost elevation of the Rating
Curve

n, is the roughness coefficient (as determ ned from
extrapolated 'C values); applicable to topw dth B,

B, is B- B
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n, is the roughness coefficient above the uppernost
el evation of the Rating Curve; applicable to topw dth
B,

The di scharge for the given stage is again conputed using Equation
10.

To determ ne stage given discharge, a nmore conplex solution technique
is used as the flow area and top width are both functions of stage
and a solution cannot be explicitly obtained. 1In this case a
Newt on- Raphson iteration technique is enployed which uses trial
values for stage in a function that accounts for the difference in
the given discharge and the discharge that woul d be conputed using
the trial stage value. During each iteration a new trial stage val ue
is computed that reduces the difference between the given di scharge
and the trial value discharge. Computation continues until the
change in trial stage values fromone iteration to the next is |ess
that a preset value or until 50 iterations have been made, at which
time a nessage indicating the occurrence of non-convergence is
printed and the desired stage is found by linear or logarithmc

ext rapol ati on.

Hydraulic extension will be used only at the upper end of the Rating
Curve. Linear or logarithnmc extrapolation is used to extend the
Rati ng Curve at the | ower end.

A deficiency was detected in the hydraulic extension option in
dealing with rapid change of channel topwi dth. The inpact becones
even nore proninent in the case of a sudden presence of a very |large
channel topwidth with a very small flow area beneath it. Because the
di scharges in the hydraulic extension option are conputed fromthe
hydraul i ¢ radi us and the area of an equival ent channel, the conputed
el evati on-di scharge relation could be erratic near and above the

el evati on where the rapid change of topw dth took place

Di scharges for the higher stages could be |ess than those for the

| ower stages, a result only possible in the loop rating option. A
conveyance approach, which accounts for the channel flow and the
flood plain flow separately, can be used to overcone these probl ens
but is not currently avail abl e.
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Figure 1. Stage-Discharge relationship for a single-valued Rating
Curve

Stage

Discharge

03/ 11/ 2004 I'l.4-STAGEQ 6 rfs:24stageq. wpd



